Abstract. Many species of Nearctic landbirds exhibit behavioral plasticity during migration, presumably to compensate for energetic demands of migratory flight. At Block Island, Rhode Island, a northern temperate site, I quantified the extent of one form of behavioral plasticity in Nearctic landbirds: dietary expansion from breeding season insectivory to high levels of frugivory during autumn. I also measured changes in energetic condition of migrants using recapture methods and diurnal regressions of mass change. Based on analyses of 1,568 fecal samples collected from 1993-1995, frugivory during migration was frequent within many species, extensive within individual birds, and widespread among taxa. Migratory species ranged from strict insectivory in the Winter Wren (Troglodytes troglodytes) to 96% fruit by volume in the fecal samples of Rose-breasted Grosbeaks (Pheucticus ludovicianus). Nine of 17 recaptured species demonstrated mass gains between first and last recapture. Only the Red-eyed Vireo (Vireo olivaceus) gained significant mass within a single day, suggesting that the site was suitable for migratory mass gain if a species remained longer than one day. Highly omnivorous species, with greater than one-third of the diet as fruit, gained significantly more mass while on Block Island than did strict insectivores, i.e., species with less than one-third of the diet as fruit. Insectivorous species on average declined in energetic condition during stopover. The extent of frugivory for a species was positively correlated with average change in energetic condition and fat score per day, suggesting that frugivory allowed species to gain mass more efficiently and extensively than exclusive insectivory. I conclude that frugivory in Nearctic landbirds is far more extensive during migration than previously thought, and that dietary plasticity may be an adaptation to energetic demands of migratory flights.
INTRODUCTION
The extreme physiological demands, energetic pressures and changing resource distribution patterns of migration make it a formative period in the evolution of the morphology (Bairlein 1992) physiology (Bairlein 1987, Jenni-Eiermann and Jenni 1992), and behavior of migratory landbirds (Martin and Karr 1990) . Landbirds show extensive behavioral changes during migration, presumably to compensate for these increased energy demands. Much attention has focused on the increase in prey intake rates (Loria and Moore 1990), the selection of highly profitable insect prey (Moore and Simm 1986) , and the changes in physiology (Gwinner 1990 ), social behavior (Rappole and Warner 1976) , and habitat selection (Bairlein 1983) that character-ize migrants responding to energetic demands. Another less studied behavioral shift occurring in many landbirds is expansion from stereotypic insect diets during reproduction (Morse 1989 ) to dietary plasticity during migration, incorporating non-insect arthropods, seeds, nectar, and fruit (Berthold 1976, Bairlein and Gwinner 1994) .
Although it is well known that frugivorous migrants play a role in dispersing seeds of Temperate Zone plants, (Willson 1986 ), far less is known of the importance of omnivory during migration for the birds themselves. Few studies have comprehensively quantified the extent of frugivory by migrating Nearctic songbirds or examined how frugivory may correlate with birds' abilities to deposit fat stores for migration (Bairlein 1990). Early studies of frugivory in Palearctic migrants by Berthold (1976) defined the paradox of extensive fruit use during migration in some Old World species: fruit is typically lower in lipid and protein nutrients and provides smaller caloric rewards than comparable quantities of insects (Moermond and Denslow 1985, Bairlein and Gwinner 1994) . In his feeding experiments, birds on fruit diets were consistently incapable of maintaining body mass. Berthold concluded that frugivory during migration was a consequence of concurrent seasonal decline in insect abundance and that fruit functioned solely as a poor supplemental food for songbirds, preferred secondarily to animal matter as a diet for migratory lipogenesis. However, subsequent studies in Palearctic migrants showed that some species are capable of assimilating fruit diets and increasing body mass during migration (Jordan0 1988, Bairlein 1990).
Although frugivory is well documented in Nearctic-Neotropical migratory birds during the nonbreeding period in the tropics (Greenberg 1981 , Blake and Loiselle 1992), the extent of frugivory and its implications for songbird energetics during autumn migration are relatively unexplored (Willson 1990 ). In this study I document dietary patterns, stopover behavior, and energetic changes in Nearctic-Neotropical landbirds during migration. I then use these data to test the hypothesis that diet expansion to fruit facilitates improved energetic condition during stopover periods beyond that possible with strict insectivory. For example, if frugivory during migration has evolved in response to the physiological demands of migration, omnivorous migrant species should gain mass more rapidly than stereotypic insectivores, assuming both time and energy are important currencies during migration (Alerstam and Lindstrom 1990). Two habitats dominated the study site: a diverse coastal shrubland and shorter-statured bayberry (Myrica pensylvanica) and Rosa thickets. The dense coastal shrubland habitat ranged from 2-4 m in height and consisted of Amelanchier spp., Viburnum recognitum (with some Viburnum dentatum), Phytolacca americana, Pyrus melanocarpa, Rhus radicans, Parthenocissus quinquefolia, and low-density Myrica pensylvanica. Bayberry habitats varied in foliage height (0.5-3.5 m) depending on distance from the coastline, where shorter northern bayberry plants were dominant as a result of wind, saltspray, and soil conditions. Several species of Rosa and to a lesser extent Rhus radicans densely filled interstitial areas between bayberry plants. DIET 
METHODS

ANALYSES
Dietary data were collected from migrant birds between 25 August and 31 October during the autumns of 1993-1995. Birds were captured under permit from the U.S. Fish and Wildlife Service with 12-m mistnets (32 mm mesh) in bayberry and coastal shrubland habitats between 06: 00 and 14:00 in 1993, and between 06:OO and 13:00 in 1994 and 1995. Mistnets reached from 0.5-3.0 m in height, thus sampling the majority of the vertical stratum of the low-statured shrubland habitats. Each of 12 (1993-1994) or 16 (1995) mistnets was monitored every 30-45 min throughout the autumn migration period. Upon capture of a bird, the net, time, date, and species were noted, and the bird was placed into a fecal collection bag for transport to a central banding station. After production of a fecal sample and within 10 min, the bird was given a serially numbered U.S. Fish and Wildlife Service band, processed for mass to the nearest 0.01 g, fat score (see below), wing measurement, age and sex determination (according to Pyle et al. 1987) , and subsequently released. Although this study focused on Nearctic-Neotropical landbird migrants, data were taken from all species, including some residents and short-distance migrants in order to make dietary comparisons by migratory status.
The advantages and disadvantages of fecal samples in determining diets of birds have been extensively discussed (Rosenberg and Cooper 1990, Blake and Loiselle 1992), and are principally concerned with differential gut passage times and gastro-intestinal processing of differ-ent food types. However, fecal samples provide an important and useful way of evaluating large numbers of samples (Rosenberg and Cooper 1990) , especially from birds that are difficult to observe due to habitat constraints or behavior. This technique also is most appropriate for birds at risk of surviving more invasive methods of diet sampling, as may be the case with landbirds after long-distance nocturnal migrations. Moreover, the larger sample size available through fecal sampling minimizes effects of between-individual variation produced by smaller sample sizes generated from more labor-intensive methods.
I collected fecal samples into plastic storage bags, labeled them with the species, date, time, and netting location, and then froze them until time of analysis. Before analysis, I thawed and rinsed samples into petri dishes with 70% ethyl alcohol solution. Samples were loosened with forceps to allow equal dissipation of all solid matter within the dish. I noted the presence of fruit and insect matter, and the presence and number of seeds in all samples. Thereafter, binocular microscopes were used to approximate volume of fruit matter versus insect matter in the sample (Herrera 1987) . Because the volume of each fecal sample varied, the amount of fruit and insect material in the sample was estimated as a volumetric proportion of the total fecal sample material to the nearest 10%. Volume is probably not related to the energetic content of fruit and insect resources, because fruit is higher in the amount of gut volume it occupies than most insect resources, yet lower in provided energy. Thus, these volumetric estimates should be viewed as a means of diet classification, not relative energy contribution of resources, per se. In general, seeds were not abundant in fecal samples, with the exception of Phytolacca and Viburnum seeds in larger landbird species, and Myrica seeds in Dendroica coronata. Nonetheless, seeds were excluded in estimations of the fruit-insect volumetric ratio of the diet.
Fruit species consumed by the sampled bird were determined by identification of seeds, passed pulp, or passed fruit skin fragments in the feces. To assist in identification of fruit species consumed, I collected representative fruits of all available fruiting plants in the study site for determination of the cell structure of fruit skin, consistency of the pulp, and shape and size of the seeds. The total number of fruit species in each sample also was recorded.
I attempted to identify insect orders in feces through identification of passed insect parts (Ralph et al. 1985 Energetic condition estimates for small landbirds are problematic during migration because of the difficulty of determining if changes in body mass are due to increases in subcutaneous fat (the principal fuel for migratory flight) or increases in muscle mass accrued early in migration (Lindstrom and Piersma 1993). I therefore used a series of energetic-condition estimation techniques in both recaptured and singlecaptured migrants. I used changes in mass to assess within-species energy dynamics during stopover periods. However, body mass is influenced by body size and precludes reliable across-species comparisons of energetic strategies. I therefore visually estimated the fat score of individuals from 0 (no fat in furcular and abdominal regions) to 5 (continual covering of fat from furcula to abdomen) according to Helms and Drury (1960) . This categorical estimate of fat condition is a sliding-scale estimate of lipid content that is expressed somewhat independent of the overall dimensions or non-lipid mass of a bird, and is a reliable indicator of total body fat composition (Conway et al. 1994 ). I also determined the energetic condition (EC) for all banded birds by dividing body mass (to the nearest 0.01 g) by the unflattened wing length cubed and then multiplying by 100,000 for calculations (Winker et al. 1992 ). This measure allows comparison of energetic condition across birds of a range of body sizes and equates the volumetric measure of mass to the linear wing measurement. It does, however, assume that changes in mass are due to fat deposition rather than significant increases in muscle mass (Lindstrom and Piersma 1993). I determined stopover length by subtracting the last date from the first date of capture.
Despite the extensive use of recapture data in studies of energetic condition during migratory stopover (Moore and Kerlinger 1987, Jordan0 1988), some have suggested that recapture data may not represent energetic changes of the migrant population as a whole (Winker et al. 1992 ). This may be true if the majority of individuals are not recaptured because they use fat stores gained during that single day to depart soon after arrival at a stopover site, or if recaptured individuals were less capable of rapid mass gain at that location. Therefore, to confirm energetic trends generated for Block Island from recaptured individuals, I performed linear regression analyses between the daily Energetic Condition index and capture time of all single-capture individuals to determine if birds were gaining within one day, sufficient mass to depart from Block Island. Because almost all birds arrive more or less synchronously at the site in the predawn to early morning hours (pers. observ.), I did not standardize the energetic condition of each capture to a specific time of day for analyses. A significant positive linear relationship between energetic condition and time of capture would suggest that birds gained mass within one day (Winker et al. 1992 ). Energetic condition changes using the regression technique were then compared with recapture data to determine their concordance. If species that show no gain using recapture data demonstrate positive diurnal mass changes by the regression technique, then recapture data may not be illustrative of the entire population. Agreement of the two methods would suggest that both adequately depict landbird behavior at the site.
DATA TREATMENT AND STATISTICAL ANALYSES
Because the volume and species composition of landbirds differed between years and sample sizes among the three years were uneven for many species, I present dietary data for each species as the average over 1993-1995. To investigate patterns of frugivory in relation to energetic status during stopover periods, migrant species were assigned a migratory and dietary classification. Migratory status of each captured species (long-distance migrant, short-distance migrant, or resident) was based on classifications in Rappole et al. (1983) and Hussell et al. (1992) . I then decided a priori that species whose diet-by-volume consisted of one-third or more fruit as judged by fecal samples would be considered omnivores, and those birds with less than one-third fruit in fecal samples would be classified as insectivores (Foster 1987) . Given that many of these species are departing from a strictly insectivorous diet during the breeding season, I consider this quantitative threshold of omnivory to be conservative.
Percentage estimates of fruit volume in fecal samples and of frequency of fruit in the diet were arcsine transformed before all analyses, so that the data met parametric test assumptions. For clarity, untransformed data were used to generate figures. I used nonparametric tests (Mann-Whitney U-tests) for variables that still failed to reach normality or homogeneity of variance after transformation (e. g., percent of individuals recaptured, percent of recaptures gaining mass, and stopover length).
Although I report diet characteristics for nonmigratory species (such as Carolina Wrens and Song Sparrows, scientific names are presented in Table 1 ) and breeding birds that could not be reliably separated from migrating individuals (including Gray Catbirds, Common Yellowthroats, White-eyed Vireos), these were not in-eluded in stopover analyses due to absence or uncertainty of migratory status. Changes in energetic status indices between first and last capture were compared conservatively in recaptured individuals using two-tailed paired t-tests in order to determine whether the species gained or lost significant mass on Block Island during stopover periods. Recaptured individuals were classified as omnivores or insectivores according to dietary analyses presented here. Subsequently, I compared the rate of change per day of stopover and percent change of original score at first capture between insectivorous species and omnivorous species by unpaired two-tailed ttests. I was unable to perform analyses of energetic change between omnivores and insectivores within a species due to limitations of fecal sample collection methodology. Because diet was measured using the continuous variable of mean percent fruit volume per fecal sample, I investigated the relationship between change in energetic status of a species with diet by linear regression.
RESULTS
PATTERNS OF FRUGIVORY
A total of 1,568 fecal samples was analyzed from 69 species of landbirds during autumn migration (Table 1) (Table  1) .
I averaged the mean percentage of fruit in a fecal sample over all three sampling years to derive an overall estimate of the degree of frugivory for each species (Table 1) . The mean proportional fruit volume per sample varied from 0.0% in the wren species (above) to 96.0% fruit in the diets of Rose-breasted Grosbeaks. Even species with morphology generally associated with specialized insectivory contained measurable amounts of fruit within their fecal samples (e. g., Brown Creepers with 21.7% fruit/fecal sample and Black and White Warblers with 9.0% fruit/fecal sample). The two measures of the degree of frugivory (frequency of fruit occurrence in fecal samples, and the mean proportion by volume of fruit per fecal sample) were highly correlated (r = 0.95, P < 0.001). I therefore used only the average percent fruit volume per fecal sample in subsequent analyses.
Percent fruit volume per fecal sample varied among taxa (Fig. 1) . Cuckoos, nuthatches and wrens showed conspicuously low proportions of fruit in average samples, whereas samples from flycatchers, thrushes, waxwings, vireos, warblers, and sparrows contained greater than half of the average fecal volume as fruit material (Fig. 1) . In general, larger species (measured as seasonal body mass, from Clench and Leberman 1978) were more omnivorous (F2,44 = 28.2, r2 = 0.56, P < 0.001, Fig. 2 ), but there was great variation in the extent of frugivory among birds weighing between 7-15 g. Birds over 15 g typically had greater than 50% average fruit volume per sample (Fig. 2) . Frugivory also differed among birds according to migratory status: residents in the two years for which there were sufficient data (1994-1995) displayed lower levels of frugivory than did migrants (F2, I269 = 10.3, P < 0.001, Fig. 3 ). In 1994, however, a Bonferroni post hoc test showed differencesein frugivory between resident and short distance migratory birds (P < O.Ol), and between short and long-distance migrants (P < O.OOl), and a strong but nonsignificant difference between residents and long-distance migrants (P = 0.053, Fig. 3) .
Six species of fruit were commonly used by birds during autumn on Block Island, but only three fruit species were found in 20% or more of fecal samples (northern arrowwood Viburnum recognitum, northern bayberry Myrica pensylvanica, and pokeweed Phytolacca americana). Virginia creeper (Parthenocissus quinquefolia) and various Rosa spp. were relatively uncommon in bird diets. In contrast, Viburnum recognitum was found in 66.5% of all fecal samples analyzed for diet taxa composition and was found in all fecal samples of 31 species (50.8% of the 61 bird species sampled for fruit taxa (Table 2) . Stopover length also did not vary significantly between omnivores (X = 5.05 -t 1.06 days, n = 13) and insectivores (2 = 3.89 ? 1.09 days, n = 4, U = 14.0, P = 0.17). However, a greater proportion of recaptured omnivores (.? = 66.00 ? 11.49%) than insectivores (X = 39.38 t-6.53%) gained mass during stopover on Block Island (U = 1.0, P < 0.01).
I compared the total change, rate of change (score/day) and the percent change in energetic condition index and fat score between the two diet types. All three measures differed significantly between omnivores and insectivores for both energetic condition and fat score (Table 3) . Omnivores showed positive energy changes, whereas insectivores declined in energetic condition and lost fat stores during stopover.
In regressions of the mean energetic condition of recaptured individuals against the degree of frugivory of a species, neither fat score nor energetic condition at first capture varied with extent of frugivory in Nearctic migrants (Table 4) . However, both energetic condition and fat score at last capture showed a significant positive increase with the mean degree of frugivory for a species (Table 4 ). The total change and percent change in energetic condition and fat score also increased significantly with the amount of fruit in the diet (Table 4) . I further regressed the rate of change in fat score and energetic condition per day against the amount of fruit in the diet (Fig. 4) . The degree of frugivory explained 72% and 57% of the variance in the rate of change in energetic condition and fat score, respectively. Both measures increased significantly with frugivory (Fig. 4) . 
DISCUSSION
ENERGETIC CONDITION AND MIGRATORY STRATEGIES ON BLOCK ISLAND
The large volume of migrants that encounters Block Island has been forced off the mainland coast by low pressure systems. Many species subsequently reorient northward to return to the mainland (Able 1977). Consequently, it is possible that many birds depart the island within 24 hr of arrival if sufficient energy stores can be gained during the day (Winker et al. 1992) . Regressions of energetic condition versus time of capture suggest that energy gains within one day are negative or insignificant in all but two species, the Red-eyed Vireo and Hermit Thrush. Unless their reoriented flight was short and capable of being fueled solely by previously accrued, arrival fat stores, it is doubtful that any species gained sufficient mass during foraging within one day for long-distance nocturnal migrations. Stays of longer than one day are probably necessary for most species to gain significant mass at the site.
Decisions to stay or depart may be based on a balance of factors including remaining energetic stores upon arrival (Moore 1990 There was a significant positive relationship between likelihood of recapture and proportion of individuals of a species gaining mass on Block Island, suggesting that birds may have made stopover decisions based on the probability of mass gain. Although there was no relationship between proportion of recaptures and extent of frugivory of a species, the Cuthams thrushes and Seiurus warblers both showed high degrees of frugivory, mass gain, and recapture rates (Tables 1 and 2), suggesting that the fruit-bearing coastal shrubland of Block Island was a suitable stopover area during migration for these species.
ENERGETIC CONDITION AND DIET DURING MIGRATION
Species consuming large quantities of fruit improved their energetic status on Block Island, whereas insectivores declined in both energetic condition and fat score (Table 3, Fig. 4) . Similar patterns have been reported for Palearctic migrants in spring by Stoate and Moreby (1995) and in Spain by Jordan0 (1988). Insectivores in the energetic condition analyses reported here for Block Island were few in number, represented by four species. It is possible that lack of improvement in energetic status for this group resulted from the smaller sample sizes of insectivorous species in this study, and more data are needed from sites where insectivores are more common.
Two of the four insectivorous species on Block Island were shorter distance migrants, i.e., the Golden-crowned and Ruby-crowned Kinglets. Whereas shorter distance migrants might be expected to have lower fat loads and require less energy gain than longer-distance migrant species due to their different migratory strategies, all four insectivorous species demonstrated declines in energetic condition instead of smaller increases as would be expected. Furthermore, regressions of energetic status change against degree of frugivory emphasize that omnivorous species were more capable of improving energetic condition on Block Island, regardless of migratory distance (Table 4, Fig. 4) . Regressions of energetic condition against time of capture within a day failed to show significant increases in energetic condition in all but one species, the Redeyed Vireo, which was itself highly omnivorous. This result refutes the alternative that insectivorous migrants gained sufficient mass within one day to depart Block Island and therefore were not included within recapture samples.
Several hypotheses may be offered to explain the inability of insectivores to achieve energy gain on Block Island. First, the majority of insectivores might depart the island as soon as possible after assessing that conditions are not adequate for refueling. Those insectivores that remain must then attempt energetic gain under potential constraints of competition with omnivores that have remained for refueling (Moore and Yong 1991). Second, predation may play a Three nonexclusive hypotheses have been ofrole in the ability of insectivores to achieve a fered to explain why birds consume fruit at this positive energy balance (Howe 1979 Second, Nearctic-Neotropical migratory landbirds may have arisen from tropical taxa that were originally omnivorous in diet (Levey and Stiles 1992). The use of insects during the reproductive period may therefore be a brief seasonally-specialized adaptation that meets protein needs for the production of eggs, feeding of young, and completion of molt prior to migration to the tropics (Morton 1973, Izhaki 1992) . The "phylogenetic inertia" hypothesis states superabundant for migrants includes: (1) in three that, although they may currently experience years of surveys, birds never removed entire benefits from frugivory during migration, mifruit crops, and large volumes of fruit crops re-grants are reverting to omnivory, a phylogenetmained to rot, dessicate, and fall to the ground ically conservative behavior that may have been long after the passage period of migrant birds the precursor for the evolution of the migratory (Parrish 1997 , in press), (2) interspecific and inlife history strategy itself (Levey and Stiles traspecific aggression at fruit sources was un-1992). Several taxa exhibiting high degrees of common (Parrish, unpubl. data), and (3) esti-frugivory during migration are probably of tropmates of the percent depletion of the original ical origin (Levey and Stiles 1992, Fig. 1 ). Howfruit crop made at the site vary from approxi-ever, many of these species do not maintain the mately 25% to 40% in the three most common same level of dietary plasticity during the winfruit species used by migrants on Block Island tering period in the tropics and once again bein 1993 and 1994 (Parrish 1997, in press Martin (1985) that some migrating birds require fruit resources for successful refueling during stopover periods. Highly omnivorous passage birds on Block Island improved their energetic condition more efficiently than did strictly insectivorous species. Because it facilitates energy gain, I suggest that frugivory in migrant landbirds may distinguish particular fruit-bearing stopover locations as important sites for resting and refueling during migration ( 
